INTRODUCTION
Immobilizing transition-metal catalysts by affixing them to a surface-modified silica gel has been studied quite intensively in recent years 1 . The aim was to combine the favorable properties of homogeneous catalysts with the easy separability of heterogeneous ones. For this purpose, solid polysiloxanes containing transition-metal catalysts bound to phosphino [silica-(CH 2 ) n -P(Ph) 2 ] or mercapto groups [silica-(CH 2 ) n -SH] were prepared by several routes. 2, 3 The characterization of the materials so obtained proved difficult. The number of methods available for studying amorphous solids is limited, but does include MAS NMR, 4 IR spectroscopy, 6 elemental analysis and kinetics. 7 The cause of the sometimes diminished activity of silica-gel-affixed catalysts or leaching problems cannot be assessed easily using these analytical methods. However, the synthesis of soluble model compounds can be used as an alternative. Thus, Marciniec et al. used rhodium(I)complexes with cyclo-octadiene (COD) and disiloxydiphosphine, [(Ph) 2 P(CH 2 ) n Si(CH 3 ) 2 ] 2 O (n = 1-3) or the trisiloxyphosphine, (Ph) 2 P(CH 2 ) 2 (CH 3 )Si[OSi(CH 3 ) 2 (CH 2 ) 2 P(Ph) 2 ] 2 as ligands. 8 Imaki et al. described the synthesis of multidentate phosphine ligands connected to cyclotetrasiloxane. 9 Both systems have flexible siloxane skeletons whose mobility will influence their complexing properties. Feher et al. and other groups use partially condensed organosilsesquioxanes to simulate the direct attachment of metal complexes to silica surfaces. [10] [11] [12] Dittmar suggested the use of functionalized octa(organosilsesquioxanes) for simulating the rigid surfaces of modified silica gel. 13 The use of fully functionalized octa(organosilsesquioxanes) did not prove useful for modeling because their multidentate behavior prevents the formation of easily defined products. Therefore, transition-metal complexes with monofunctional octa(organosilsesquioxane) ligands will be presented in this paper.
RESULTS

General spectroscopic features of the compounds
The substitution patterns of mixed substituted octa(organosilsesquioxanes) (Fig. 1) give rise to clearly distinguishable 29 Si NMR spectra. 14 The assignment is furthered by 29 Si 2D INADEQUATE NMR spectroscopy. The
The monosubstituted octa(organosilsesquioxanes) give a pattern of three lines with intensities of 3:1:3 for the H(CH 2 ) 3 Si part of the molecule. For most of the compounds studied here, a greater shift to lower fields is observed for the 2-, 4-and 5-positions than that for silicon in the 7-or 3-, 6-and 8-positions respectively. The latter resonances were often so close that they could not be resolved at 7.046 T. The 13 C NMR and 1 H NMR spectra of the n-propyl groups follow the same patterns as the silicon atoms to which they are attached. The
29
Si signal from the X(CH 2 ) 3 Si segment (intensity = 1) is found most often upfield of the H(CH 2 ) 3 Si groups. The 29 Si NMR data for the cages are collected in Table 1 .
[3-(Diphenylphosphino)propyl]-hepta(propyl)-octa(silsesquioxane) (dpps), and derivatives dpps The synthesis of dpps using cs and KP(Ph) 2 follows the normal procedure 15 except that an excess of KP(Ph) 2 was removed by a phosphate buffer to avoid the formation of KOH leading to the destruction of the siloxane cage. The compound proved to be stable towards water and air. The 31 P NMR spectrum shows a line at = À18.6 ppm, as expected for such a compound. 3, 8 The
Si signal of Figure 1 Sketch of the structure of the silsesquioxane ligands with X = Cl (cs), X = P(Ph) 2 (dpps) and X = SH (ssH). 19, 20 The triplet in the 29 Si spectrum can be explained by coupling with both phosphorus atoms. Coupling with the rhodium atom is too small to be observed. Also, the 13 22 The same arguments apply to the 
cis-[Ptdpps 2 Cl 2 ]
Fyfe and co-workers, and Jiang et al., describe the ligation of platinum salts at phosphino-functionalized siloxanes. 5 Si signal for the Si(CH 2 ) 3 X part is a triplet because of coupling with two phosphorus atoms. The signals of the 2-,4-and 5-silicon atoms of the silsesquioxane cage are shifted to higher fields and found at = À66.63 ppm, whereas the 3-,6-and 8-silicon atoms resonate at = À66.54 ppm and that in the 7-position at = À66.56 ppm. The assignment was made using 29 Si 2D INADE-QUATE NMR.
[3-Mercaptopropyl]-hepta[propyl]-octa[silsesquioxane] derivatives and their complexes
Hg(ss) 2 To prepare mercapto complexes from ssH, it is necessary to avoid the formation of strong acids as the siloxane cage is sensitive to them. The product [Hgss 2 ] of the reaction between Hg(CN) 2 and ssH (Eq. 4).
gives the correct signal pattern in the 29 Si spectrum to indicate the survival of the octasilsesquioxane cage. However, probably due to fluxionality, neither the 13 C nor the 29 Si spectra shows 199 Hg satellites.
199
Hg NMR yields a signal at = À338 ppm. 2 Likewise, the exchange of the proton of ssH by Pb 2 to yield Pb(ss) 2 (Eq. 5).
Pb(ss)
( The product shows a 29 Si resonance for S(CH 2 ) 3 Si at = À65.54 ppm downfield relative to that of the H(CH 2 ) 3 Si groups ( = À66.17 ppm for the 7-, = À66.23 ppm for the 3-,6-,8-, and = À66.03 ppm for the 2-,4-,5-positions of the siloxane cage) of the molecule. The 31 P NMR signal at = 35.89 ppm is comparable with those found by Delgado.
[Rh(CO) 2 ss] 2 Howell and co-workers describe the immobilization of [Rh(CO) 2 Cl] 2 on silica-gel surfaces covered with mercaptopropyl groups. 25 There the "-Cl bridge atoms were substituted by "-S(CH 2 ) 3 -silica gel units. However, no uniform products could be obtained by this method as it was not in all [Rh(CO) 2 Cl] 2 molecules that both "-Cl bridges were exchanged. A complete reaction was observed by Bolton et al. 26 and Kalck et al. 27 by using reactions with HSR where R = CH 3 , C 6 H 5 , p-FC 6 H 4 , C 6 F 5 , CH 2 C 6 H 5 and t-C 4 H 9 . Using a similar procedure, the functionalized silsequioxane could be transferred from Pb(ss) 2 to [Rh(CO) 2 Si NMR spectrum does not show any peculiarities. 22 The existence of two isomers can be explained by a slow inversion around the sulfur atoms of the Rh 2 S 2 ring. 28 Of the three possible configurations of the ring, the one with the two siloxane cages on the sulfur in the axial position can be excluded from consideration by the size of the cage. Of the other two, the one with the siloxane cages in both the axial and the equatorial position seems to leave the most room for a free rotation of the COD ring about the rhodium. Two structure determinations of complexes having a Rh 2 S 2 ring core showed both ligands on the sulfur on the equatorial side of the ring.
28,29
The compounds presented in this work will be used as soluble models of silica-fixed transitionmetal catalysts to study the kinetics of catalysis. We also plan to study the influence of neighboring functional groups on the stability and activity of transition-metal catalysts by using di-, tri-and tetrafunctionalized octa(propylsilsesquioxanes).
EXPERIMENTAL
Reactions with air-sensitive compounds were carried out under argon. Solvents were purified and dried by standard methods. cs and ssH were prepared and isolated as described previously 14 and all other reagents were commercially available. 
Characterization of ligands and complexes
NMR
IR
Nicolet FT-IR spectrophotometer 510Pspectra (KBr disk).
Carbon and hydrogen analyses
Perkin-Elmer Universalverbrennungsautomat PE 2400.
Syntheses [3-(Diphenylphosphino)propyl]-hepta[propyl]-[octasilsesquioxane] (dpps)
A solution of cs (2 g, 2.45 mmol) in 20 ml THF was titrated with KP(Ph) 2 (0.1 mol À1 in THF) until the change from white to red color was permanent. nHexane (100 ml) was added and the solution was extracted twice with 100 ml KH 2 PO 4 /Na 2 HPO 4 buffer (pH = 6.8) and twice with water. After the organic phase had been dried with MgSO 4 and the n-hexane had been removed, a white oil was obtained which was recrystallized from methanol and purified by flash chromatography with a silica column and CH 2 
